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Concerning new physics beyond the Standard Model we explore the discovery and analysis potentials of po-
larized (hadronic) experiments and we compare with the unpolarized case. For discovery, beam polarization is
helpful in the case of purely hadronic new interactions. In any case, beam polarization provides us a unique piece
of information on the chiral and flavour structures.
1. Introduction
At the Brookhaven National Laboratory it is
expected, during the year 2001, to run the Rela-
tivistic Heavy Ion Collider (RHIC) in the polar-
ized ~p~p mode. Actually, this run will be done at
an energy
√
s = 200 GeV and with a luminosity of
a few 1030cm−2s−1. The nominal energy
√
s =
500 GeV and luminosity L = 2.1032cm−2s−1
should be reached in the early months of 2003,
allowing an exposure of 800 pb−1 in four months
running.
The physics potential of the RHIC-Spin exper-
iments has been extensively covered in a recent
review paper [1]. In view of the apparent feasabil-
ity of accelerating polarized protons at very high
energies, several other projects are now consid-
ered. Indeed, since 1997 several workshops have
been organised on the physics interests of the
HERA machine with a beam of polarized protons
[2]. More recently, the future of the LHC has
been considered by a working group at CERN.
It appears that a polarized option for the pro-
ton beams is not excluded. In this workshop, Al-
bert de Roeck reports on such a future polarized
LHC option [3]. Note that the physics with po-
larized beams at hadronic supercolliders has been
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already explored some time ago [4,5].
The physics program of the RHIC and HERA
polarized experiments is directly connected to the
analysis of the QCD structure of the proton. For
instance, at RHIC the first part of the program
will include precise measurements of the polariza-
tion of the gluons, quarks and sea-antiquarks in
a polarized proton. This will be done thanks to
well-known Standard Model (SM) processes : di-
rect photon, W and Z production, Drell-Yan pair
production, heavy-flavor production and the pro-
duction of jets. The helicity structure of pertur-
bative QCD will be thoroughly tested at the same
time with the help of Parity Conserving double
spin asymmetries.
However, here we ask an other ques-
tion:“Concerning New Physics, which kind of in-
formation can be obtained from such polarized
facilities ?”
Of course, the answer is far from trivial. It de-
pends on the various properties of the machine
under consideration, like the energy scale, lumi-
nosity, type of incident particles, type of process
which is analysed ... Nevertheless, several defi-
nite advantages of the polarized experiments can
be pointed out simply by comparison with the ex-
isting results of unpolarized experiments.
In the following we will consider some possible
2manifestations of new physics models which are
as most as possible model independent. In par-
ticular we consider the presence of Contact In-
teractions (CI) which mimic the existence of new
subconstituants or new interactions. We also con-
sider the presence of new gauge bosons (e.g. Z ′,
W ′ or Leptoquarks). In this case one can get
a resonant behaviour if the energy is sufficiently
high. Conversely we do not consider for the mo-
ment the SUSY phenomenology which is certainly
very rich but highly model dependent.
Presently, the strongest constraints on such
new physics models are obtained from LEP,
HERA and Tevatron colliders. In particular, for
processes involving leptons, either in the ini-
tial state like at LEP and HERA, or in the fi-
nal state like the Drell-Yan process at Tevatron,
some strong and complementary constraints have
been obtained on new physics models. For in-
stance, the characteristic energy scale Λ of CI
is constrained to be above 4TeV for lepton-
lepton or lepton-quark CI [6]. The mass of a
Z ′ which is present in popular GUT models (ex-
tra U(1)’s or Left-Right models) should be above
600 − 700GeV [6]. The precise values of the
bounds depend on the details of the models for
each collider.
If polarization of the beams is present, we
do not expect any improvements on these con-
straints. Specific examples have been considered
in [7] for eq-CI and in [8] for Leptoquarks, in the
context of HERA. It was shown that the polar-
ization of the beams is useless to reveal some new
physics effects, but it is very useful to identify the
origin of the new interaction, if the latter is dis-
covered first by the unpolarized experiments.
Conversely, when we consider some pure
hadronic processes the situation is drastically
different. Indeed, in a context like the one of the
Tevatron, it appears that the analysis of hadronic
processes, like jet or bb¯ productions, is far to be
easy. In such channels the systematic errors, com-
ing both from the experimental and the theoret-
ical sides, are rather large. For instance, for jets
the CDF and D0 collaborations are still in dis-
agreement [9,10]. For bb¯ production, the compar-
ison between data and theory is still problematic
[11]. Therefore, the bounds on new physics mod-
els from such hadronic channels are quite low in
comparison to the ones from leptonic processes.
For example, the last published analysis of D0
on qq-CI gives a limit of Λ > 2.2TeV (from
jet production) [9], a factor two below the con-
straints obtained on eq-CI from the same experi-
ment (from the Drell-Yan process).
In this case, the availability of polarized proton
beams can be very helpful, especially in the hope
of a discovery. Indeed, the main difference be-
tween an unpolarized and a polarized experiment
concerns the basic observables used in the analy-
sis of data : we shift from unpolarized cross sec-
tions to spin asymmetries. The spin asymmetries
have the net advantage to minimize systematic
errors in comparison to cross sections [1]. This is
especially true for channels with huge systemat-
ics like pure hadronic processes. For example, it
has been shown that the RHIC Spin experiment
is competitive with the Tevatron for the search of
a qq-CI [12] or of a leptophobic Z ′ [13], in spite
of an energy four times lower !
To summarize we can say that polarized beams
allow to define a new type of observables : spin
asymmetries.
Firstly, for processes with high systematic errors,
like pure hadronic channels, the use of spin asym-
metries reduce strongly these systematics and al-
low the polarized experiment to have a high dis-
covery potential. In the next section we examplify
this result with the analysis of the effects of qq-CI
and leptophobic Z ′ at RHIC (and at a polarized
LHC in section 3).
On the other hand, the analysis of spin asym-
metries yields a unique opportunity to get some
informations on the chiral structure and also on
the flavour structure of the new interaction. Some
examples in the context of HERA can be found in
[7,8]. In the third section we show the results of
an analysis done in the context of the LHC with
polarized protons, to pin down the origin of a new
generic Z ′ boson from the Drell-Yan process [14].
2. The RHIC case (jet production)
32.1. Observable and models
At RHIC, running in the ~p~p mode, it will be
possible to measure with a great precision the sin-
gle Parity Violating (PV) asymmetry AL :
AL =
dσ(−) − dσ(+)
dσ(−) + dσ(+)
(1)
where only one of the proton is polarized (the sign
± refer to the helicity of the polarized proton).
The cross section dσ(λ) means the one-jet produc-
tion cross section in a given helicity configuration,
p
(λ)
1 p2 → jet + X , estimated at
√
s = 500GeV
for a given jet transverse energy ET , integrated
over a pseudorapidity interval ∆η = 1 centered
at η = 0.
The new physics models that can be tested at
RHIC with jet production are the followings :
• First [12] one can think to a simple phenomeno-
logical contact interaction which could represent
the consequences of quark compositeness. Such
(color singlet and isoscalar) terms are usually
parametrized following Eichten et al. [15] :
Lqq = ǫ π
2Λ2
Ψ¯γµ(1 − ηγ5)Ψ.Ψ¯γµ(1− ηγ5)Ψ (2)
where Ψ is a quark doublet, ǫ is a sign, η can
take the values ±1 or 0 and Λ is the composite-
ness scale. In the following we will consider the
LL− case with Left-handed chiralities (η = 1)
and constructive interference with QCD ampli-
tudes which corresponds to ǫ = −1.
• Second, we can consider some new neutral
gauge bosons with general Left and Right-handed
couplings to each given quark flavor q:
LZ′ = κ g
2 cos θW
Z ′µq¯γµ[C
q
L(1−γ5) + CqR(1+γ5)]q(3)
the parameter κ = gZ′/gZ being of order one.
A particular class of models, called leptopho-
bic Z ′, is poorly constrained by present data
since they evade the constraints coming from lep-
tonic channels. Such models appear in several
string-inspired scenarios [16]. Non supersymmet-
ric models can also be constructed [17]. Here, for
simplicity, we consider only the model A of [13]
and we refer the reader to this reference [13] for
more details. In addition, it was advocated in [18]
that such a boson could appear with a mass close
to the electroweak scale and a mixing angle to the
standard Z close to zero.
2.2. Results
We give in Table 1 the 95 % C.L. limits on
Λ ≡ ΛLL− (eq.2) one gets [19], at lowest order,
from a comparison between the SM asymmetry
AL and the Non-Standard one. A χ
2 analysis is
used.
L (fb−1) 0.8 4 20 100
Λ (TeV ) 3.2 4.55 6.15 7.55
Table 1 : Limits on ΛLL− at 95% CL for RHIC
with
√
s = 500GeV .
One can compare the bounds at
√
s = 500 GeV
and L = 0.8fb−1 with the ones after some lu-
minosity upgrades : L = 0.8fb−1 is the nomi-
nal luminosity expected after 4 months of run.
L = 20fb−1 may be reached in the future with
the same amount of running time but after an
upgrade of the machine [20]. 4fb−1 (100fb−1)
represents 5× 4 months running with the designed
(future) nominal luminosity.
This table can be compared with the last pub-
lished analysis of the D0 experiments at Tevatron
[9]: Λ > 2.2 TeV (95% C.L.) from the dijet mass
cross section. From these figures we have extrap-
olated a limit at Tevatron of 3.2 TeV (3.7 TeV)
with a 1 fb−1 (10 fb−1) exposure. If we com-
pare these numbers with the ones from Table 1,
it is clear that RHIC has a better sensitivity than
Tevatron, if sufficient data are accumulated.
Turning now to the case of a leptophobic Z ′,
we present in Fig.1 the constraints on the param-
eter space (κ,MZ′) obtained [19] from AL in the
flipped SU(5) model (model A of [13]). The dot-
ted curves correspond to
√
s = 500 GeV and the
dashed curves to
√
s = 650 GeV. From bottom to
top they correspond to an integrated luminosity
L = 1, 10, 100fb−1. It appears that the increase
in luminosity is more efficient than the increase
4in energy. Therefore the high luminosity scenario
has to be supported even if the RHIC pp c.m. en-
ergy remains at its ”low” value.
We display also in Fig.1 the inferred constraints
coming from the published results of UA2 [21],
CDF [10] and D0 [22] experiments. The form of
the forbidden areas result from a combination of
statistical and systematic errors. For high MZ′
one is looking for some unexpected high-ET jet
events and the main uncertainty is statistical in
nature. For instance, the upper part of the ”CDF
area” is well below the one of D0 because of the
well-known excess observed by CDF at high-ET .
In the future (run II) the increase in statistics will
improve the bounds in the (κ,MZ′) plane by en-
larging the upper part of the CDF and D0 areas
(or will lead to a discovery). For relatively low
MZ′ values, the main problem comes from the
large systematic errors for ”low” ET jets. Due to
these systematics, at Tevatron, even with a high
statistics it will be difficult to probe the low κ
region for MZ′ ≤ 400 GeV or to close the win-
dows aroundMZ′ ≃ 300 and 100 GeV. In this re-
spect, as can be seen from Fig.1, the RHIC-Spin
measurements at high luminosity should allow to
cover this region and to get definite conclusions,
if the new interaction violates parity.
To conclude, we have seen that RHIC is com-
petitive/complementary with the Tevatron to dis-
cover a new weak force belonging purely to the
quark sector.
3. The LHC case
The LHC will give acess to a completely new
energy domain. Hence the whole community is
expecting to find, at least, some physics beyond
the SM. However, besides the problem of discov-
ery, the problem of the identification of the nature
of a new interaction is fundamental and much
more difficult.
3.1. Leptonic channels
The existence of new vector bosons is a com-
mon prediction of many scenarios going beyond
the SM. The most popular models are based on an
expanded gauge symmetry group which contains
Figure 1. Bounds on the parameter space for lep-
tophobic flipped SU(5) Z ′ models (see text).
extra U(1) and/or extra SU(2) group(s) leading,
after breaking of the symmetry, to the presence of
new massive gauge bosons. In general, the masses
of these new particles are not fixed by the the-
ory. On the other hand their couplings to ordi-
nary fermions and gauge bosons are determined
in each particular model. Here we will not re-
view all the existing models but simply quote the
models considered in [14]. Namely, we consider
the continuous E6 , Left-Right (LR) and Y mod-
els. We have simulated also more exotic models
where the couplings to fermions are completely
fixed : the ”Sequential Standard Model” (SSM),
the ”BESS” models, and a preonic model labeled
by ”HYP”. Additional models and all references
can be found in [14].
Concerning Z ′ production, all the LHC studies
have shown that it will not be difficult to pro-
duce a massive Z ′ and to detect it in the leptonic
5mode through the Drell-Yan process. The discov-
ery limit is around MZ′ ≃ 5TeV from the analy-
sis of the unpolarized cross section [23]. The sen-
sitivities of the spin asymmetries are well below,
roughly of the order of 2TeV [14]. So, we recover
the result that polarized beams are not necessary
to discover some new physics effects through lep-
tonic signatures.
Concerning the question of the identification, it
has been explored by many authors within unpo-
larized pp collisions (see e.g. [24] and references
therein). The observables at hand are essentially
the forward-backward angular asymmetry AFB
and some decay widths. It turns out that the
observables should allow to pin down some par-
ticular models but not to treat some more general
cases. Then polarization should help.
Considering that only one proton beam is po-
larized one can focus on the process ~papb →
ℓ+ℓ−X in the vicinity of the Z ′ peak. Then, one
can define two PV spin-dependent quantities :
ALR(Y,M) =
dσ− − dσ+
dσ− + dσ+
(4)
APolFB(Y,M) =
(
dσ−F − dσ−B
)− (dσ+F − dσ+B
)
(
dσ−F + dσ
−
B
)
+
(
dσ+F + dσ
+
B
) (5)
Here dσ± stands for dσ±/dM , ± corresponding to
the helicity of the polarized proton, M being the
invariant mass of the lepton pair, and the cross
sections are integrated over some rapidity inter-
val ±Y . Note that the measurement of the single
spin asymmetry ALR does not require the iden-
tification of the charge of the outgoing leptons.
APolFB is a polarized forward-backward asymmetry
which reflects the angular dependence of the sub-
process spin asymmetry.
It appears that ALR is independent of the final
state couplings (leptonic or whatever) and that
APolFB goes like the product of initial state and fi-
nal state couplings (as goes the well-known unpo-
larized AFB). This shows the complementarity of
these two spin asymmetries.
We present in Figs.2-3 the results of our calcu-
lations [14] under the form of combined plots of
AFB versus ALR and A
Pol
FB versus ALR, at LHC,
for MZ′ = 1 TeV. Note that for MZ′ = 2 TeV
the figures are very similar. The error bars corre-
spond to the statistical error obtained with 1000
e+e− + 1000 µ+µ− events (polarization of the
beam is assumed to be 100%).
Figure 2. AFB versus ALR according to the var-
ious models.
As can be seen from Figs.2-3, it is now very easy
to separate the various models, appart from very
particular points where some accidental crossing
occurs due to the equality of the couplings.
3.2. Hadronic channels
The example above shows that beam polariza-
tion is useful to analyse some new physics effects
but not to discover them. It is a peculiarity of
the leptonic channels. For hadronic channels, like
jet production we recover similar results as in the
RHIC case. Indeed, for qq-CI one expect a limit of
the order of Λ ≃ 25TeV from the unpolarized jet
cross section with L = 30 fb−1 and
√
s = 14TeV
6Figure 3. APolFB versus ALR according to the
various models.
[23]. With the same L and
√
s values but with
polarized protons, we obtain Λ ≃ 50TeV from
PV spin asymmetries. For leptophobic Z ′ similar
results are obtained : the unpolarized jet cross
section is sensitive to masses up to 2TeV , but
one can reach 3.5TeV thanks to PV spin asym-
metries.
Consequently, we stress again that polarized
beams are well suited to discover a new weak force
in the hadronic sector.
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